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doi:10.1016/j.kjms.2011.10.018Abstract During surgical correction of facial deformities, accurate prediction of the resulting
facial profile is important for the patient and the surgeon. The purpose of the present study was
to investigate profile changes after surgical treatment ofmandibular prognathism. Thirty patients
(20 females and 10 males; ages 17e28 years) with mandibular prognathism underwent vertical
ramus osteotomy. Preoperative and postoperative cephalograms were analyzed; landmarks were
identified and compared. The mean horizontal setback of the pogonion (Pog) was 11.7 mm. The
setback ratios of labrale inferius (Li)/incision inferius (Ii), labiomental sulcus (Si)/point B, and soft
tissue pogonion (PogS)/pogonion (Pog) were 0.98, 0.99, and 0.95, respectively. Therewere no sex-
related changes in soft tissue. These findings indicate that changes in soft tissue closely correlate
with the amount of mandibular setback in the horizontal direction. Such information might facil-
itate more accurate prediction of the outcome of orthognathic surgery.
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Relevant studies on predicting soft tissue profiles can be
traced back to the early literature in orthodontics. At the
beginning of the 20th century, Angle reported the impor-
tance of considering changes in the soft tissue profile during
orthodontic treatment because he understood the strong
influence of soft tissue around the mouth area on facial
appearance [1]. Predicting facial profiles is an important
component of surgical treatment plans for the correction of
dentofacial deformities. As indicated by many studies,
improvement of the facial profile provides physical and
psychological benefits, including desirable changes in
aesthetics, increased confidence, and improvements in
emotional status and social skills.
It is particularly important for surgeons to be able to
help patients understand how they will look after surgery. If
unrealistic expectations can be avoided, it less likely that
patients will be dissatisfied with the results of their oper-
ation or with their doctors. Effective communication
between doctors and patients regarding orthognathic
surgery helps to reduce postoperative dissatisfaction
among patients and improves their psychological health.
Accurate prediction of postoperative facial profiles is
essential to this process. However, because of variation in
surgical methods predictive techniques relevant to
orthognathic surgery are not yet fully developed. The
present study investigated facial profile changes after
vertical ramus osteotomy to correct mandibular
prognathism.
Materials and methods
Thirty patients requiring surgical correction of mandibular
prognathism were treated at the oral and maxillofacial
department of the Kaohsiung Medical University Hospital
from January 1993 through December 1998. There were 20
female and 10 male patients with a mean age of 20.7 years
(range, 17e28 years). The mandibular setback procedure
was carried out by vertical ramus osteotomy. Patients
included in this study met the following criteria: (1) pres-
ence of skeletal Class III developmental deformities with
natural dentition; (2) no history of trauma or recognized
syndromes as etiologic factors; (3) no active growth at the
time of surgery; (4) received preoperative and post-
operative orthodontic treatment; (5) operated on by only
one surgeon using a single jaw procedure; and (6) use of an
acrylic interocclusal splint and maxillomandibular fixation
for a minimum of 6 weeks postoperatively. Individuals with
craniofacial anomalies and simultaneous genioplasty were
excluded from the study. The mean follow-up for these
patients was 27.2 months (range, 12e102 months).
To evaluate postsurgical profile changes, two lateral
cephalograms (preoperatively [T1] and at aminimumof 1 year
after surgery [T2]) were obtained. The following landmarks
were identified: sella (S), nasion (N), labrale inferius (Li),
incision inferius (Ii), labiomental sulcus (Si), point B, pogonion
(Pog), and soft tissue pogonion (PogS). For analysis, the xey
coordinate axis was constructed. This coordinate system had
its origin at the point N, and its x axis formed an angle of 7
degrees upward, with the reference line (NS) as the horizontalaxis (Fig. 1). The vertical line (y axis) was perpendicular to the
horizontal axis through the sella. The following linear and ratio
measurements were recorded: Li, Ii, Si, B, PogS, Pog, Li:Ii,
Si:B, and PogS:Pog. The Wilcoxon sum rank test was used to
comparethedifferencesbetween femaleandmalepatients.A
p value of 0.05 was considered significant. All data were
analyzed using JMP statistical software (version 7.0; SAS
Institute Inc., Cary, NC, USA). This study was approved by the
institutional review board (KMUH-IRB-990520).
Results
The mean horizontal surgical changes in Ii, B and Pog were
10.3, 10.8, and 11.7 mm, respectively (Table 1). The
accompanying horizontal soft tissue changes in Li, Si, and
PogS were 10.1, 10.8, and 11.1 mm, respectively. There
were significant horizontal changes with respect to all
landmarks. The ratios of Li:Ii, Si:B, and PogS:Pog were 0.98,
0.99, and 0.95 mm, respectively. There were significant
vertical changes in Li and Ii. The mean horizontal changes
in Ii, B, and Pog were 10.2, 11.0, and 12 mm for females and
10.4, 10.7, and 11.0 mm for males, respectively (Table 2).
In the horizontal direction, soft tissue changes of Li, Si, and
PogS were 10.4, 10.9, and 11.5 mm in females and 9.4,
10.5, and 10.3 mm in males, respectively. The ratios of
Li:Ii, Si:B, and PogS:Pog were 1.02, 0.99, and 0.96 mm in
females and 0.91, 0.99, and 0.94 mm in males, respec-
tively. There were no significant differences in soft tissue
changes between females and males in the horizontal or
the vertical direction.
Discussion
Orthognathic surgery can be used to correct facial defor-
mities, improving patients’ satisfaction with their appear-
ance. Although the past century has seen great
advancements in orthognathic surgery, there is room for
further improvement. Facial bone osteotomies can correct
facial deformities; however, what patients perceive is the
change to their soft tissues. Improvements are made in
surgical techniques and medical devices with the aim of
achieving more satisfactory postoperative facial profiles,
and scholars in many disciplines are interested in the
optimal facial profile. Facial appearance is an important
factor in human relationships, influencing social and
psychological development and possibly playing an impor-
tant part in an individual’s work and social status. Studies
of changes in facial soft tissues after orthognathic surgery
have shown differing results. Therefore, the principles and
methods of communication with patients before they
undergo surgery also need to be addressed.
Patients with mandibular prognathism have a concave
profile with the upper lip behind the aesthetic line,
a protrusive thick lower lip, and a scarcely detectable men-
tolabial fold [2]. Severe mandibular prognathism has been
treated with orthodontics and orthognathic surgical proce-
dures, including mandibular setback, maxillary advance-
ment, and bimaxillary procedures. The treatment selected
depends on the degree of deformity, the expected degree of
movementof the lower jaw, and thepredictedchanges in soft
tissues after surgery [3]. A literature review showed that
Table 1 Summary of patients who had undergone surgical
correction of mandibular prognathism.
Variables Mean SD Significant
Horizontal T21 (mm)
Li 10.1 3.09 *
Ii 10.3 2.24 *
Si 10.8 3.21 *
B 10.9 3.25 *
PogsS 11.1 3.82 *
Pog 11.7 3.97 *
Vertical T21 (mm)
Li 2.7 3.54 *
Ii 1.8 4.62 *
Si 0.8 3.19 e
B 0.3 2.49 e
PogS 0.4 3.55 e
Pog 0.1 2.36 e
T21Z surgical changes; *Z p 0.05.
Number of patients (n)Z 30; Mean age (y)Z 20.7; range,
17e28; Mean follow-up (mo): 27.2; range, 12e102; Ratios of Li/
Ii, Si/B, PogS/Pog: 0.98. 0.99. 0.95.
Figure 1. Profile changes after surgical correction of mandibular prognathism. (A) preoperative profile; (B) postoperative profile.
Reference points and linear measurements: (1) landmarks were: sella (S), nasion (N), labrale inferius (Li), incision inferius (Ii),
labiomental sulcus (Si), point B, pogonion (Pog), and soft tissue pogonion (PogS); x-axis was constructed by drawing a line through N
7 up from SN line; y-axis was constructed by drawing a line through S perpendicular to the x-axis.
218 C.-M. Chen et al.mandibular setback surgery induces significant soft tissue
changes and improves the patient’s facial profile by cor-
recting facial convexity, labiomental fold depth, upper and
lower lip protrusion, and upper and lower lip lengths [4].
Analysis of facial soft tissue is essential for achieving
correction and designing a surgical treatment plan with the
purpose of maximizing facial function and aesthetics.
Traditionally, a lateral cephalograph is the tool used to
evaluate changes in facial profiles. In 1958, Burstone [5]
proposed a set of methods to analyze soft tissue profiles
using lines and angles. He pointed out that patient satis-
faction with changes in the soft tissue profile is determined
by the underlying tooth/bone structure; however, because
of the uneven thickness of soft tissue, he disagreed with the
theory that a “ratio relationship” exists between the soft
tissue profile and the toothebone structure. He therefore
suggested that doctors should consider this important
factor in surgery treatment plans. The Riedel report [6]
indicated that the relationship between the anterior
teeth and the corresponding apical base greatly influenced
the soft tissue profile and emphasized that a close rela-
tionship exists between the soft tissue profile and the facial
bone frame. In 1959, Subtelny [7] published a long-term
study confirming that the soft tissue structure and profile
of the face are related to the underlying bone structure,
but that changes in the facial bone frame are not directly
reflected in each part of the soft tissue.
Table 2 Comparison of variables between male and
female patients who had undergone surgical correction of
mandibular prognathism.
Females (nZ 20) Males (nZ 10)
Mean age (y) 20.3 21.5
Mean follow-up (mo) 30.7 20.2
Ratios of Li/Ii,
Si/B, PogS/Pog
1.02, 0.99, 0.96 0.91, 0.99, 0.94
Variables Mean SD Mean SD Significant
Horizontal T21 (mm)
Li 10.4 3.36 9.4 2.48 e
Ii 10.2 2.59 10.4 2.40 e
Si 10.9 3.56 10.5 2.53 e
B 11.0 3.51 10.7 2.82 e
PogS 11.5 3.09 10.3 3.27 e
Pog 12.0 4.17 11.0 3.66 e
Vertical T21 (mm)
Li 3.3 3.46 1.7 3.63 e
Ii 1.7 5.27 1.8 3.20 e
Si 1.1 3.21 0.4 3.26 e
B 0.2 2.57 0.4 2.45 e
PogS 1.0 3.22 0.9 4.01 e
Pog 0.1 1.97 0.4 3.10 e
T21Z surgical changes; *Z p 0.05.
Profile changes after mandibular setback 219Hu et al. [8] compared the differences in soft tissue
profile changes following mandibular setback between
Chinese men and women. The soft tissue to hard tissue
change ratios (Li:Ii, Si:B, and PogS:Pog) were 0.82, 0.92,
and 1.06 for females and 0.71, 0.90, and 0.94 for males,
respectively. There was a significant difference between
females and males with respect to the ratios of L:Ii and
PogS:Pog. Mobarak et al. [9] reported the ratios of Li:Ii,
Si:B, and PogS:Pog as 1.0, 1.08, and 1.02 in females and
0.97, 1.02, and 0.89 in males, respectively. Females
demonstrated higher percentages of soft tissue movement
than did males and significant differences in the ratio of
PogS:Pog. Our study showed no sex-related differences in
soft tissue profile changes.
Mars‚an et al. [10] investigated changes in hard and soft
tissue profiles after mandibular setback surgery. The mean
setback amount was 5.6 mm in the Pog. In their study, the
ratio of the horizontal displacement from the lower lip (Li) to
the mandibular incisal tip (Ii) was 0.55:1. They concluded
that horizontal displacement from the labiomental sulcus
(Si) to Point B had a ratio of 0.59:1 and that horizontal change
from soft tissue pogonion (PogS) to pogonion (Pog) was
0.51:1. Chou et al. [11] analyzed the changes in soft tissue
profiles after mandibular setback. The average setback
distance for Pog was 5.54 mm. In the sagittal plane, soft
tissue changes (relative to hard tissue references) were
87.5% in PogS:Pog. Mobarak et al. [9] investigated 80 patients
who underwent mandibular prognathism surgery with an
average setback of 4.65 mm. They reported the ratio of soft
tissue changes to hard tissue movement as: Li/Ii, 1.02; Si/B,
1.09; and PogS/Pog, 1.04. Lew et al. [12] evaluated soft
tissue profile following intraoral ramus osteotomy in Chinese
adults with mandibular prognathism. They found that ratiosof the soft tissue response to hard tissuemovement vary from
those reported in white patients by other researchers, which
confirms the need for different ratios to be established for
different racial types. In our study, the mean length of
setback (11.7 mm) was greater than that in previous reports.
The ratios of Li:Ii, Si:B, and PogS:Pog were 0.98, 0.99, and
0.95, respectively. Comparing our study to that of Chou et al.
[11] and Mobarak et al. [9], our findings are most similar to
those of the latter. We used the same x coordinate line (x-
axis upward of drawn 7 to the SellaeNasion line) as Mobarak
et al. [9], whereas Chou et al. [11] used the Frankfurt Hori-
zontal plane. In addition, individual differences in preoper-
ative soft tissue thickness, different surgical techniques, and
differing study designs (coordinate systems) may contribute
to differences in postoperative hard tissue/soft tissue ratios.
A satisfactory treatment plan for patients with
mandibular prognathism not only corrects malocclusion but
also considers improvement of the facial profile. It is
therefore important for surgeons to analyze and predict
changes in the soft tissue/hard tissue ratios. Our findings
indicate that postoperative changes in soft tissue closely
correlate with the amount of mandibular setback and are
independent of sex.References
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